Abstract. For magnetic bearings (MBs), traditional measurement method of rotor displacement is to use a displacement sensor. However, equipment of displacement sensors will increase the cost and volume of MBs. Furthermore, many factors can affect the accuracy of displacement sensor, such as installation error, magnetic flux leakage, temperature drift and so on. This paper proposed a rotor displacement measurement method for magnetic bearing based on coil inductance. With this method, no displacement sensor was needed. The magnetic bearing structure to be tested was introduced briefly. The measurement principle and method were analyzed in detail. The validity of the measurement method is verified by simulation.
Introduction
Bearings are very important as supportive components in high-speed machines. The performance of the bearing will be related to the overall performance of the motor. Magnetic bearings(MBs) support the rotor by using magnetic forces. There is no contact between the magnetic bearing stator and the rotor. Compared to the conventional mechanical bearings, MBs have many advantages, including no lubrication, no mechanical wear, and less maintenance [1] [2] [3] [4] [5] [6] .
High-speed motor system usually obtain the displacement, position and speed information by install mechanic sensor. Although mechanic sensor can provide the useful signal, but it brings a series of problems, such as cost increase, volume increase. Therefore, sensorless technology becomes very hot. Position sensorless technology has widely applied in motor control area [7] [8] [9] [10] [11] [12] [13] [14] [15] . Literature [13] [14] , Kalman filter (KF) based estimation has been one of the solutions for estimating the parameters and the states, including the load torque, in sensorless operation. In [15] , the researcher focused on developing torque estimators without describing the overall control system. Sensorless technology applied in MBs was less studied. Considering that many factors can affect the accuracy of displacement sensor, such as installation error, magnetic flux leakage and temperature drift, this paper proposed a rotor positon test method for magnetic bearing based on coil inductance. For this method, no displacement sensor was needed. The magnetic bearing structure to be tested is introduced briefly. The test principle and method are analyzed in detail. The validity of the test is verified by simulation.
Structure of Magnetic Bearing
The structure of the MB to be measured in this paper is shown in Figure 1 (a) and (b). The proposed magnetic bearing has a symmetrical geometry structure. This configuration is the most typical structure and most widely used radial active magnetic bearing. Eight stator iron cores are constructed for four magnetic poles. 
Principle of Measurement Method
Based on the virtual work principle, combining Eq. (2), (4) and (7), the magnetic force in y direction y F can be calculated From Figure 2 , it can be seen that the first step is to store the initial inductance of the coil. According to the design parameters of the structure, the inductance of the initial equilibrium position is calculated. s is the air gap length at equilibrium position. For the calculation of inductance variation, there are two types. One type is to calculate the difference between the instantaneous value and the initial value. This is useful for estimation of absolute displacement. The other type is to calculate the difference between the instantaneous value and the last value. This is useful for estimation of relative displacement.
The design of PID control and power amplifiers are the same with general detection method. Finally, the new transient inductance value is obtained by checking the phase lag of the current.
Simulation
(1) Magnetic simulation by FEM The magnetic field distribution was shown in Figure 3 .From Figure 3 (a) and (b), it can be seen that the bias magnetic flux density is about 0.65T. Figure 3(c) and (d) shows the magnetic field distribution under maximum force situation. It can be seen the maximum flux density is 1.2T. The saturation magnetic density of the core material is 1.4T. Therefore, we can assume that the magnetic bearing has been working in the linear region. This is the application scope of this test method (2) Simulation of displacement measurement Figure 4 shows the simulation result according the inductance by the proposed method. 
Conclusion
In this paper, a new method for detecting the rotor displacement of MBs is propose. With this method, MBs did not need to be equipped with traditional mechanical sensors. This proposed method use the coil of MBs as a sensor. The displacement of rotor is obtained by changing the inductance value. The Design of measuring principle and measuring method were introduced in detail. The simulation results show that the method is effective.
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